Fermented broth has a long history of applications in the food, pharmaceutical and cosmetic industries. Recently, the use of fermented broth in skin care products is in ascendance. This review investigates the efficacy of fermented broth in inhibiting tyrosinase and melanogenesis. Possible active ingredients and hypopigmentation mechanisms of fermented broth are discussed, and potential applications of fermented broth in the cosmetic industry are also addressed.
Introduction
In the global beauty industry, multinational corporations such as L'Oreal, Estée Lauder, and Procter & Gamble earn billions of dollars every year by selling skin care products and cosmetics [1] . The ideal skin tone, according to traditional Eastern Asian cultural beliefs, is white [2] . Since the Edo period in Japan (1603-1868), women have had a "moral duty" to apply white powder to their faces [3] . In South Korea, both women and men strive for skin that is as white as pale jade [2] . As the old Chinese adage states, "A white complexion is powerful enough to hide seven faults" [4] . For these reasons, Eastern Asian women have sought pale white skin for hundreds of years [5] . A study of the sexual preference of women and men in China determined that the male participants preferred women OPEN ACCESS synthesis. In contrast, the phosphorylation of p38 will activate (+) MITF expression, which in turn transcriptionally upregulates the expression of melanogenic enzymes such as tyrosinase, TRP-1, and TRP-2, eventually inducing melanin production [55] [56] [57] (Figure 1 ). The nitric oxide (NO) signaling pathway plays a very important role in UVR-induced melanogenesis. Enhancement of tyrosinase gene expression via the cGMP pathway with the expression of MITF is a primary mechanism of NO-induced melanogenesis [53, 54, 64] . Inhibition of phosphatidylinositol 3-kinase (PI3K) by cAMP will result in reduction of AKT phosphorylation and its activation. Therefore, AKT cannot phosphorylate GSK 3β. In turn cAMP decreases the phosphorylation of GSK 3β and stimulates its activity [55, 62, 65, 66] (Figure 1) . Therefore, activation of GSK3β by cAMP facilitates MITF binding to the tyrosinase promoter and leading to stimulation of melanogenesis. The hypopigmentation mechanism of many melanogenesis inhibitors is to modulate the regulators of signal pathways instead of inhibiting tyrosinase activity. Therefore, the mushroom tyrosinase inhibitors have to be proved to inhibit melanogenesis in vitro, or they are not classified to hypopigmentation agents. This study investigates the difference between tyrosinase inhibitors and melanogenesis inhibitors of fermented broths including active ingredients, signal pathway regulators and mechanism. A lot of receptor activation factors, second messengers, and melanogenic enzymes are involved in melanin synthesis (adapted from [53] [54] [55] [56] ).
Microorganisms such as bacteria, yeasts, and molds are commonly employed in fermentation [67] . For example, probiotics are used in dairy products, fermented vegetables, fish and sausages, and as silage inoculants [68] . Human clinical trials have explored the use of numerous probiotic supplements to treat skin disorders [69] . Skin products containing fermented broth have been launched in the market. Pitera by SK-II is fermented by yeast to whiten the skin [70] . Numerous reports have indicated that fermented broth can inhibit tyrosinase activity and melanogenesis [9, 11, [46] [47] [48] [49] 71] . However, no study has reviewed these findings, thus this review describes the process by which fermented broth suppresses melanogenesis and the possible active whitening ingredients found in the broth.
Fermented Broth in Inhibiting Melanogenesis

Fermentation Process
Fermentation is a metabolic process in which sugars are converted into acids, gases, and alcohol [72] , mainly with the involvement of yeasts, bacteria, and fungi. The fermented broth contains complex products [73] . Applications for fermented broth include biotherapeutics, biological materials, and ethanol production [73] . In addition, fermented broth has recently been used to reduce melanin hyperpigmentation. Table 1 summarizes applications of fermented broths in reduction of mushroom tyrosinase activity and melanogenesis in B16 cells. Specific materials and conditions required for fermentation include broth, microorganisms, a suitable temperature, and appropriate fermentation time.
Eight of twenty five fermented broths were proved to be tyrosinase and melanogenesis inhibitors [9, 11, [74] [75] [76] [77] [78] [79] . Twelve fermented broths were proved to be tyrosinase inhibitors, but not melanogenesis inhibitors [71, [80] [81] [82] [83] [84] [85] [86] [87] [88] . Four fermented broths showed melanogenesis inhibition but no inhibition of tyrosinase activity [46] [47] [48] [49] . It is worth mentioning that both 8'-hydroxydaidzein (8'-ODI) and 3'-hydroxydaidzein (3'-ODI) can be obtained from soybean/Aspergillus oryzae fermented broth [47] but while 8'-ODI exhibited inhibitory effect on mushroom tyrosinse activity, it did not exhibit intracellular tyrosinse activity in B16F10 cells [47] , 3'-ODI had no effects on either mushroom tyrosinse or intracellular tyrosinse activity [47] , indicating that the hypopigmentation mechanism of melanogenesis inhibitors may involve modulation of the regulators of the melanogenesis signal pathway instead of inhibition of intracellular tyrosinse activity. 
Possible Functional Components of Fermented Broth
The components of fermented broth include carbohydrates, alcohols, alditols, glycols, and other metabolic products [73] . According to Table 1 , Lactobacilli and Bifidobacteria are the two major genera of bacteria of which the broth is used to suppress melanogenesis; scientists have long used them to solve dermal problems [90] . Various studies have also used broth fermented by bacteria or fungi not classified as Lactobacilli and Bifidobacteria to inhibit melanogenesis. However, the mechanism of action of fermented broth in skin pigmentation regulation remains unclear. The possible active ingredients that could suppress melanogenesis are listed in Table 2 and discussed below.
Lactic Acid
The lactic acid contained in Lactobacillus rhamnosus is crucial to inhibit tyrosinase activity and can reduce melanogenesis [71] (Table 1) . Lactic acid is an effective exfoliating agent that improves skin color [91] and can suppress tyrosinase activity [92] . One report indicated that lactic acid can increase epidermal thickness, reduce melanin deposition, and upregulate collagen levels because it is derived from sour milk, like α-hydroxyacids (AHAs) [18] . AHAs accelerate desquamation of the stratum corneum to reduce tyrosinase without affecting messenger-RNA or protein expression [93] . In short, lactic acid functions as other enhancers of epidermal turnover do. Inhibits tyrosinase activity, tyrosinase translation, or accelerating its degradation [46] N.D., not determined.
Flavonoids
Previous research has explored fermenting plants such as ginseng, rice bran, and meshima to enhance their bioactivity and active contents [80] . Fermented rice bran is rich in kaempferol, which is a flavonoid that can reduce tyrosinase [94] . A paper discussing raw materials (nonfermented rice bran) determined that they do not inhibit tyrosinase activity [83] . Similarly, fermented red ginseng exhibits a flavonoid content nearly 15-fold greater than that of unfermented red ginseng [80] . Fungal-fermented traditional herbs such as meshima exhibit much higher mushroom tyrosinase-and melanogenesis inhibitory activity because they have a greater flavonoid and phenolic content than unfermented products do [77] (Table 2 ). The hypopigmentation mechanism of fermented broth from P. linteus complex culture/Phellinus linteus involved inhibition of tyrosinase activity, downregulation of MITF, TRP1 and TRP2, and activation of the phosphatidylinositol 3-kinase/Akt/glycogen synthase kinase-3beta [77] . The aglycones dadzein and genistein which are isoflavonoids derived from soy milk fermented by Lactobacillus plantarum are constituents that inhibit melanogenesis in B16F10 melanocytes by inhibiting tyrosinase expression, downregulating MITF, inactiving MAPK and p38 [74] (Table 2) . Moreover, soybeans fermented with Aspergillus oryzae, which is a filamentous fungus, can reduce B16 cellular melanin production by 46.7% due to increased levels of 8-hydroxydaidzein and 3-hydroxydaidzein [47] (Table 2) . Hydroxydaidzeins derived from isoflavones act indirectly on melanin biosynthesis, reducing microphthalmia-associated transcription factor transcription and, thus, downregulating TRP-1 and TRP-2 expression [47] (Table 2 ). Flavonoids such as resveratrol [20, 58] , aloesin [95] , and fermented soybeans and their byproducts inhibit tyrosinase. However, reports have controversially indicated that not all flavonoids lighten the skin, but rather increase melanogenesis [58, 96, 97] .
Antioxidants
Many antioxidants exhibit depigmentation properties that interfere with the lipid peroxidation of melanocyte membranes and increase intracellular glutathione content [98] . Intracellular glutathione acts as an antioxidant that determines the expression of a melanin-based signal [99] . Hence, antioxidants may play a crucial role in melanin production regulation. The Bifidobacteria reported in [9, 11, 79] had overpowering antioxidant activity in 2,2-diphenyl-1-picrylhydrazyl scavenging capacity and 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) radical scavenging activity assays (Table 2) . Broth from rice, black rice, sweet potato and barley fermented with Saccharomyces cerevisiae and Aspergillus niger contained higher contents of polyphenolic compounds, including protocatechuic acid, catechin, caffeic acid, ferulic acid, p-hydroxybenzoic acid and also exhibited potent antioxidative activity which may be related to their melanogenesis reduction [89] . The content of polyphenolic compounds is in the order of barley > black rice > sweet potato > rice.
Novel Melanogenesis Inhibitors
There are some novel melanogenesis inhibitors such as albocycline K3 (a mcrocyclic compound) and byelyankacin purified from fermented broths of seed medium/Stveptomyces sp. and seed edium/Enterobacter sp. B20, respectively [48, 76] (Table 2 ). The hypopigmentation mechanism of albocycline K3 is still unknown and the hypopigmentation mechanism of byelyankacin may be through inhibiting tyrosinase activity [48, 76] (Table 2 ). The results indicated that fermented broths have great potential to produce new potent natural melanogenesis inhibitors which can be applied as beneficial and safe skin whitening products.
Autolysate of Leuconostoc mesenteroides isolated from kimoto induced a decrease in melanin content in B16F0 murine melanoma cells through inhibiting tyrosinase activity, tyrosinase translation, or accelerating its degradation but did not inhibit tyrosinase activity under cell-free conditions [47] . The autolysate of L. mesenteroides has potential use as an effective anti-melanogenic agent. However, the active ingredient responsible has still not been determined.
Future Outlook of Fermented Broth in Cosmetic Industries
Cosmetic products using probiotics such as bacteria and yeast include aftershaves, antiaging serums, face and body lotions, hydrating creams, toothpastes, sanitary napkins, tampons, shampoos, douche gels, and oral care gums [100] . However, whitening cosmetic products containing fermented broth are limited because some obstacles such as foul odors and allergens need to be overcome [100] . Nevertheless, SK-II has launched whitening and antiaging products that contain Saccharomycopsis fermented broth [101, 102] that have been scientifically proved to be effective in whitening. Scientists can conduct further research by adding fermented broth to cosmetic products and explore the capability of fermented broth for reducing melanogenesis. In addition, cosmetic companies can use several active ingredients that target different whitening mechanisms, such as tyrosinase inhibitors, epidermal turnover enhancers, antioxidants, TRP1 inhibitors, TRP2 inhibitors and MITF inhibitors, for effective complex mixtures [13] .
Conclusions
This study verifies that fermented broth can be applied in reducing melanogenesis. Active ingredient levels of fermented broth are increased compared to unfermented broths. There are lots of fermented broths still needed to be tested as melanogenesis inhibitors. In addition to inhibiting tyrosinase activity, melanogenesis inhibitors can modulate different regulators of melanogenesis via the cAMP or MAPK signal pathways. In general, optimized fermented broth culture is promising for the development of novel skin whitening ingredients.
